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WHAT IS CLAIMED iSt 

1. A light -emitting diode comprising: 

a semiconductor substrate; and 

a layered structure, made of an AlGalnP type 
compound semiconductor material and provided on the 
semiconductor substrate, 

wherein the layered structure comprises: 

a light -emitting structure composed of a pair of 
cladding layers and an active layer for emitting light 
provided between the pair of cladding layers; and 

a current diffusion layer which is lattice - 
mismatched with the light -emitting structure, wherein a 
lattice mismatch A a/a of the current diffusion layer with 
respect to the light-emitting structure defined by the 
following expression is -1% or smaller: 

A a/a m (a a -a 6 )/ae 
where a„ is a lattice constant of the current diffusion 
layer, and a c is a lattice constant of the light -emitting 
structure. 

2. A light -emitting diode according to claim 1, wherein 
crystal of the semiconductor substrate is inclined by 8° 
(8 degrees) to 20« (20 degrees) in a [Oil] direction with 
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respect to a (100) plane thereof ^ 

3. A light-emitting diode according to claim 1, wherein 
a composition of the current diffusion layer is selected 
in such a manner that the current diffusion layer becomes 
transparent with respect to a wavelength of light emitted 
from the light -emitting structure. 

4. A light-emitting diode according to claim 1, wherein 
a composition of the current diffusion layer is expressed 
as (Al^.^m^P, and x is set in the range of 0.0 1 to 
0.05 and 1-y is Set in the range of o. 01 to 0.30 in the 
composition. 



5. A light-emitting diode according to claim 1, wherein 
a composition of the current diffusion layer is expressed 
as (Al^Ga^yin^p, and at least one Qf a yalue Qf ^ ^ 

a value of l-y in the composition varies along a thickness 
direction of the layered structure. 

6. A light -emitting diode according to claim 1, wherein 
a composition of the current diffusion layer is expressed 
as (Al^GaLxJylm.yP, and at least one of a value of x and 
a value of l-y in the composition decreases in a step-like 
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manner along a thickness direction of the layered 
structure from an interface with the light -emitting 
structure toward an opposite end of the current diffusion 
layer. 

7. A light-emitting diode according to claim 1, wherein 
a composition of the current diffusion layer is expressed 
as (AljGdj.^Jyini.yP, and at least one of a value of x and 
a value of l-y i n the composition varies in a step-like 
manner along a thickness direction of the layered 
structure from an interface with the light-emitting 
structure toward an opposite end of the current diffusion 
layer, thereby controlling a resistivity of the current 
diffusion layer in the thickness direction. 

8. A light -emitting diode acoording to claim 5, wherein 
both the values of x and l-y in the composition of the 
current diffusion layer vary, independent of each other. 

9. A light-emitting diode according to claim 6. wherein 
both the values of x and l-y in the composition of the 
current diffusion layer decrease, independent of each 
other . 
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10. A light-emitting diode according to claim 7, wherein 
both the values of * and 1-y in the composition of the 
current diffusion layer vary, independent of each other. 
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DETAILED ACTION 
Continuing Domestic Data 

1 . Acknowledgment is made that this application is a continuation of application No. 
09/373,544, filed 13 August 1999. 

Information Disclosure Statement 

2. Acknowledgment is made of receipt of applicant's Information Disclosure 
Statement (PTO-1 449) field November 7, 2003. 

Drawings 

3. The drawings are objected to under 37 CFR 1 .83(a). The drawings must show 
every feature of the invention specified in the claims. Therefore, the limitation "crystal of 
the semiconductor substrate is inclined by 80 to 200 in a [01 1] direction with respect to 

a (100) plane" in claims 11,12 & 14 must be shown or the feature(s) canceled from the 
claim(s). No new matter should be entered. 

Proposed drawing correction or corrected drawings are required in reply to the 
Office Action to avoid abandonment of the application. The objection to the drawings will 
not be held in abeyance. 

Claim Rejections - 35 USC § 112 

4. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

SiKlSSl^i SJ\f "**W°n of the invention, and of the manner and process of 
IS? 18 */? ^ in L n .' in 8U *£ 1 "' cteaf . a""**, and exact terms as to enable any person skNtedlnth? 

i^^' or wlth which * is mos * reari y connected, to mate and iSeKme ami steU 
set forth the best mode contemplated by the inventor of carrying out his invent^ 

5. Claims 1 1-12 & 14 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to 
comply with the written description requirement. The daim(s) contains subject matter 
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which was not described in the specification in such a way as to reasonably convey to 
one skilled in the relevant art that the lnventor(s), at the time the application was filed, 
had possession of the claimed invention. The limitation [1 10] direction is not supported 
by the specification. The specification only discloses [01 1] direction. The examiner 
interprets the [110] direction as a [01 1] direction. 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a)A patent may not be obtained though the invention is not identically disclosed or described as set 
forth In section 102 of this title, if the differences between the subject mater sought to be patented and 
the prior ait are such that the subject matter as a whole would have been obvious at the time the 
£venton was made to a person having ordinary skill in the art to which said subject matter pertains 
Patentability shall not be negatived by the manner in which the invention was made. 

7. Claims 11-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Hosoba(US 5,814,839). 

Hosoba teaches a light-emitting diode, comprising (Fig.18): 
A semiconductor substrate (31); and a layered structure (160) comprising an 
AIGalnP type compound semiconductor material (Col.40, lines 12) provided on the 
semiconductor substrate, the layered structure comprising: 

a light-emitting structure comprising of a pair of cladding layers (62 & 64) and an 
active layer (63) for emitting light provided between the pair of cladding layers; and a 
current diffusion layer (156) comprising an AIGalnP type compound semiconductor 
material (Col.40, line 61), and wherein crystal of the semiconductor substrate is inclined 
in a [01 1] with respect to a (100) plane (Col.9, lines 57-59 & Col.40, lines 38-39). 
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Hosoba does not explicitly teach the current diffusion layer is lattice mismatch 
with the light emitting structure, wherein the lattice mismatch is -1 % or smaller. Note 
that the conductivity of AIGalnP compound layer can be changed with varying a 
composition of Al and/or In. Hosoba teaches the current diffusion layer having a 
different composition with the light emitting structure (Col.21, lines 44-47). This gives a 
lattice-mismatch between the current diffusion layer and light-emitting layer because of 
a different composition of Al and/or In. The lattice-mismatch causes a high dislocation 
density and the dislocation degrades the optical properties of the device. Therefore, it 
would have been obvious to one of ordinary skill In the art at the time the invention was 
made to minimize the lattice mismatch of the current diffusion layer with respect to the 
light-emitting structure in order to prohibit a high dislocation density which degrades an 
optical properties. 

Hosoba does not explicitly teach the substrate is inclined by 8° to 20°. However, 
it would have been obvious to one or ordinary skill in the art at the time the invention 
was made to select a degree of slope in Hosoba's device since it has held that where 
the general condition of a claim are disclosed in the prior art, discovering the optimum 
or workable ranges involves only routine skills in the art. In re Aller, 1 05 USPQ 233. 

Conclusion 

8. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Donghee Kang whose telephone number is 571-272- 
1656. The examiner can normally be reached on Monday through Friday. ' . 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie C Lee can be reached on 571-272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-dlrect.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Donghee Kang, Ph.D. 
Primary Examiner 
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